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Int rodu ct ion 

Tfte idea of c<H3bining the advautarec of the high-efficiency 
airfoil with those of tfte high-lift wing section by reans of an 
arrangement which hinges tfte trailing- portion is by no means 
aw At an early stage in tfte history of aeronautics, this 
principle was embodied in various designs in ar: attempt to re- 
duce tfte landing soeed, and since then many types having such 
a system have teen put into production- These notes deal more 
particulrrly with one design of such a gear, which functions 
automatically and therefore requires no attention on the port 
of the pilot. The writer believes that Monsieur Breguet, tfte 
well- known French designer, was one of tfte first to employ tfte 
automatically controlled type cf gear. The n re sent installa- 
tion, however, has several original features which may be of 
some interest. 

The basic idea of any system of flap gear is to give tfte 
airplane an increase in rpead range BOd, since an addition of 
the order of 10 per cent is usually obta3n ed , generally epeafclng 
♦ From "The Automobile Engineer," February, 1927. 
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it may he S3 id to justify its existence. 

fills introduction would scarcely be complete without some 
reference to the investigations which are at present Toeing car- 
ried out hy Mf* Handley Page and others on clotted wings. The 
Slots j vhich ore variable and are of special design, extend 
along the Bxmti of the airplane, the width of the aperture being 
controlled hy the pilot. Increase in speed range is one of 
the claims for the system. It is, however, outside the scope 
of this report to deal more fully with the design and. function- 
ing 1 of this prear. 

In Fig- 1 is shown the effect on the aerodynamic character- 
istics of an airfoil (in this case section 9) of vary- 
ing the a ripple of the trailing portion to the main chord. It 
will he noticed that the lif t/ ,f d^ag fl ratio for low values of 
Cp, corresponding to full and cruisin^ speed.s, is considerably 
higher for c flap setting of 5 decrees up, ^hereas the va.lue of 
maximum G^, which corresoonds to landing speed, is steadily 
increasing even at a flap angle of 20 degrees down. The maxi- 
mum flap angle which it has teen found convenient to use in 
flight, is between 12 decrees and 15 derrees down. Therefore, 
to illustrate the benefit derived, an envelope, shown on the 
graph by means of a dotted line, has been drawn to embrace the 
maximum ordinates of the curves between flap angles 5 d.egreos 
up and 12 derrees down. This envelope represents approximately 
the characteristics of such an arrangement, provided the flap 
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ig at Iffl ootir.ram position for f given angle of incidence. 

One of the most difficult o rob 1 ems confronting the modern 
Ae&l^ner Is that of reducing to an absolute minimum the multi- 
tude of controls, instruments, etc., trhioh require constant 
attention or. the part of the -oil ot . The addition of B single 
lever wbioh could oossibly be dispensed with is looked upon by 
* e^mmcrcial" designers with -misgiving. A variable flap gear, 
which would function automat ically and require no attention dur- 
ing flight appeared, therefore, an attractive idea even in the 
early stage© of its development. 

The advantages of variable camber may be classified as fol- 
lows: 

(a) Definite increase in speed ran~e at the cost of the 
extra weight involved by the addition of the various units com- 
v rising the complete gear. This extra speed range Is more usu- 
ally, though not necessarily, associated with reduced landing 
speed. Some idem of the benefit derived may be obtained by es- 
timating the area which would require to be added to the main 
wings to q-ive a reduction of, say, 7 l.'.P.H. in stalling seeed. 
For an airplane of normal performance it would be about 30 per 
cent, and it must be realized that to make the comparison a 
fair one the areas of the various surfaces of the empennage, 
the length of fuselage, etc., must also be increased in their 
correct proportions. The extra weight involved by the increase 
in size of the airplane must be considerably more than that 
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caused by the addition of flap gear. 

(to) Greater ground angle, i.e., the angle between the 
chord of the main wings and the ground. This is always an ad- 
vantage, as it decreases the run of the airplane on the field 
when landing. Alternatively, if the ground angle he considered 
sufficient, the landing ^sar can he reduced in height if propel- 
ler clea ranee permit . 

(c) When approaching the field preparatory to landing, the 
a irplane having its flaps in the down position, takes up an atti- 
tude in the air about 10 degrees more nose down than would he the 
case with a normal airplane. This gives the pilot a tetter view 
at the moment when he most urgently needs it. Unfortunately, the 
question of view is one which is seldom given sufficient weight 
when a new airplane is b#ing laid out. 

The main utility of any type of flap gear may be said to be 
the assistance it affords the pilot, who in the sudden emergency 
of engine failure near the ground has to make a rapid survey of 
possible landing spaces, maneuver the airplane so as to lose 
height to the best advantage, and finally to effect a landing 
according to his hastily devised plan. It is precisely at such 
a moment that the pilot has no time to devote to the manipula- 
tion of any but the absolutely necessary controls. On such an 
occasion when it is most needed he would probably fail to bring 
the f lap-operating mechanism into play. However, with a system 
of flaps automatically controlled in their operation by the speed 
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of the airol-ne, the nilot need hardly bnow of its existence, 
vet whenever he makes a landing he is certain of obtaining the 
full ^ d^anta. fres of such a mechanism . 

It is realised that it tmf not he possible to so design an 
automatic &mt that the fla^s are always in their optimum posi- 
tion, and it has heen suggested that it is in this resmect 
that a hand-- operated type ^ould score. This argument is oroba- 
hly more apparent than real, as it oresupposes technical knowl- 
edge and conscientiousness on the part of the oilot which in 
some cases he does not possess. In practice it is more likely 
that the Tear lever will rem? in unmoved for considerable periods* 

Since the very early days Capt. Geoffrey de Havilland has 
shown considerable interest in the oossibilit ies of variable 
flaps . In conjunction with his Chief Assistant, Mr* A. E. Hagg, 
he conceived the idea of oroducing a rear wftiafc would function 
automatically, be foolproof in operation, and require no atten- 
tion on the part of the oilot. The design of such a ^rear obvi- 
ously presented many difficulties, but after much patient in- 
vestigation a design has been evolved wMch can be said to ha.ve 
passed the purely experimental stage and appears now to have 
justified the money spent on its development. 

Functions and Advantages 

Before celling with details of the later designs, it might 
be well to reiterate the claims put forward by those responsible 
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for its evolution. 

(a) Ho control or technic 0 ! knowledge required by pilot 
to fly airolane so equipped with imximum efficiency- 

(b| The ^car ratio between the control stich and the ail- 
erons can be made to ^ary ? utomatic ally with the speed of the 
airplane* This is a very desirable feature. 

(c) The b ilerofts can still be .-riven any required amount o 
differential movement, end it has been found oo3sible to make 
this control so effective near stalling speed that an airolane 
80 fitted should be safer to fly. 

(c ) ?he minimum landing soeec a no. 3 ist&nce to pull up on 
the ground r re always available in an emergency* 

(e) In addition, all the claims put forward in support of 
the hand-operated type of mechanism ao^oly equally to this gear* 

Design 

The following airolanes have been fitted with automatic 
variable flap© since 192?: r.E.9, 1*1*6, -O.K. 50, CH. 51A, 
D..K# 54 (designed especially to h&ve thir type of -ear), ?nd 
n Bristol Fi#hter M (converted purely for experimental TTT ork for 
the Hoyrl Aircraft Establishment - Far^borcurh) . It m ?t be 
ndmitted that on the first three airplanes so equipped the -rear 
was crude and not, altogether satisfactory, and may therefore 
have given a poor impression tc those " r ac flew then. The last 
three airplanes, however, have more than justified the faith 
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rrftieh the designers placed in the ©rineipl©- 

tt is not considered necessary to cover ail the various 
phases in the development of the p:e^r, tut the very early at- 
tempts ^re of some interest in shoving the idea.?, upon -hich 
the &esig& mB founded in the first instance. At the beginning 
it vas hoped to in the desired results by simply fitting a 
sprint unit in series between the aileron operating control 
md the flaps. In practice this gave only indifferent results, 
an& the aileron control "ee found to have become relatively in- 
effective- An explanation -as soon found, ~nd it -as discov- 
ered that -'hen, for example, the port aileron depressed, e 
greater load " r as imposed upon it, and in consequence it traveled 
part of the -ay up 3 gainst the spring control. The starboard 
aileron, no:- beina; in the up position, ts partially relieved 
of its load and traveled dovai-ards to a position of equilibrium. 
To overcome this difficulty, the port and starboard ailerons 
rrere interconnected by a system of cross cables* This ensured 
that as regards purely flap travel both mechanisms trke up the 
same position. The aileron control -as merely superimposed up- 
on this flap movement. 

Figs. 2 and 3 sho- a purely diagafanmatie sketch of the gear 
in its finally developed form. For the sake of clearness the 
t-o mechanisms 3 and C ^hieh, although interconnected, are 
separate and distinct units, have been shorn mounted on separate 
spindles. The lengths of the various levers and their angular 
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travels rrc not necessarily relatively to scale, but the mount 
of different if 1 effect on the various levers is, however, ap- 
proximately correct. By differential effect is meant the plac- 
ing of the lever at an anrf.e other than 90 decrees to its con- 
necting rod in its mid---oosit ion. The result of such an arrange- 
ment is that equal angular movements of one lever e;ive a pro- 
gressively increasing or decreasing angular movement to the 
lever at the other end of the connecting rod. The very widely 
employed differential aileron mechanism is a typical example of 
this principle- It has proved so valuable in improving control 
that the Same idea in a modified form has now been embodied in 
the rudder and elevator control to p*reat advantage. In the 
case under review, differential effect has been utilized in the 
design to serve three purposes: 

(a) To alve differential movement to the ailerons. 

(b) To provide a variable gear ratio to aileron control 
with variation in flap angle. 

(c) To obtain the correct movement of the flaps at the 
speeds required. 

The diagram© show an inner set of flaps which simply moves 
up with increase of speed, and an outer set which has superim- 
posed on its flap movement a movement, controlled by the control 
stick, giTirtg the usual aileron control. The D'BU 54, a large 
14-passenger airplane weighing 11,000 pounds, fully loaded, and 
having a Rolls- Royce "Condor 11 engine, .was installed with this 
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system tn order to moke the aileron control B8 light as possi- 
ble and to reduce structure weight. The other airplanes had 
the inner system of flaps, marked A in the diagrams, omitted, 
the outer system B and C being made to cover the full span. 

Spring-Control Mechanism 

Very early in the experimental stage it was found that the 
sprillg control gear must be such that as the flaps moved up 
with increase of speed, it would be necessary to arrange that 
the resistance moment imposed uoon the main spindle by the 
spring must at least not appreciably increase, but preferably 
become smaller. In the early attempts a long length of rubber 
shock absorber, extending the span of the extension plane, was 
employed. In the later designs, however, a decreasing moment 
was obtained by the arrangement shown dia. grammatically in Fig. 
4, where arbitrary figures for spring load and lever arm have 
been used to illustrate the principle. It will be noticed that 
by rotating the spindle, in spite of the spring tension increas- 
ing from 300 to 300 pounds, the torque has been decreased from 
1000 lb. -in. to 600 lb. -in. In this way a short stiff spring 
of quite reasonable weight can be employed. 

Final Stages in Design 

The final stage in the design was to superimpose the two 
mechanisms B and C upon the same spindle. This step was found 
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to have the following advanta gee* 

(a) Ooffoactfiosii and lightness of mechanism* 

(b) The o-car could be built up n s one complete unit, test 
ed for its adjustment, and dropped into its oosltlQfi in the air 
x)l°nc . 

(c) Greater rigidity- 

(d) Ease of adjustment during trials. 

(e) Smaller and fewer inspection doors in airplanes* 
In determining the final lengths of the various levers 

and their respective differential settings, the designer had 
to be very careful to guard against certain dangers. The in- 
discriminate use of differential effect might lead him into two 
troubles. Firstly, too much differential in the aileron con- 
trol system, without a compensating! y high gear ratio, might 
cause the ailerons to become overbalanced n nd take charee in 
the °ir at l#wr speeds. Secondly, too much differential effect 
on the f lap-oTOcr" t Ing levers, might cause the resultant to pass 
too nc n r t v e dead center position and, even if the ge&f did not 
become "locked, it had the effect of causing the flaps to move 
up too rapidly. However, although the analysis cf the moments 
on the various spindles is somewhat comolex, the principles orov 
erning the movement of the levers are now thoroughly understood 
and there need be no trouble from either of these causes. In 
passing, one point should be emphasized, and it is common to 
all methods of differential aileron control, irrespective of 
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the inclusion of flnp- ope rating mechanism in the system. It is 
that there seems to be no doubt that a large amount of differen- 
tial -ovemcnt is wholly beneficial °s long SB the aileron travel- 
is sufficiently la.rge. The combination can be mn.de to give 
both a light rnd very efficient control, particularly nc~r 
stalling s-ced- It also -ives a yawing moment to the airolanc 
in the correct direction, thus reducing the rudder movement 
necessary to put the eirpla. ne into a correct bank. It should 
be realized that aileron differential and rear ratio go hand 
in hand. 

The ioeal position that the flaps should take up at various 
speeds is largely a matter of compromise, as the considerations 
of unsticking and landing are somewhat antagonistic. The fol- 
lowing, however, is considered to be somewhere near the optimum 
a rrangement < 

Stalling speed - flaps right down, say 13 decrees- 

5 !'.P.H. abo Tr e stalling speed - fl^ps start to move up. 

10 y.?.K. below cruising speed - indicator registering 
70xo angle- 

Cruising speed - flaps right up, say 3 decrees above 
zero position* 

Fig. 5 gives a curve derived from figures taken during 

flight on a D.H. 54, and it will be seen that the result is not 

far from ideal- When the airplane is only lightly loaded, the 

position of the curve is not substantially altered, the landing, 

cruising, and full speed points, hov-ever, spread out a small 

amount . 
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Care is required, in doslfniBg the cable system to ensure 
that it is harmonic in all its nov cmcnts, i.e., that %h.Qte 
should be no loosening or tig&toning of the cables in any posi- 
tion. If this effect be prascnt even in & small decree, it 
would ouickly become noticeable since it is necessary to make the 
vr holc systeia very rigid. 3y studying Figs. 11 r na 13, it -rill be 
seen that on. ins have been taken not only to obtain this ri-ric ity, 
but sis© to eliminate ony backl n sh, by the employment throughout 
of ball "ocarinas on all rotating parts. The importance of this 
can quickly be seen when it is realized that it is usually nec- 
essary to house the operating units within the wings, ^ r herc the 
depth available for the cables to clear the rib flanges is ex- 
tremely limited. 

"Bristol Fighter" 

Figs. 6, 7, 8,- n nc. 9 eivc some idea of the single unit 
type of installation m fitted to a standard "Bristol Fighter." 
This system is similar to that shov/n dia grammatically in Figs. 
| and 3, except that unit "A" has been omitted. It follows very 
closely the arrangement employed on the P*H. 54, the gear being 
housed . within the lower TrT ing, and the top and bottom flaps being 
joined by connecting rods. 

D.H. 54 

Firs. 10, 11, 13, and 13 shm the inner and outer units cor- 
responding to A, B, and C, respectively, in Figs. 2 and 3. It 



N.A.C.A. Technical Memorandum No. 406 13 

^ T ill be seen that the flap-operating lev ere travel between two 
curved bridges, which are fitted with adjustable stops, by means 
of which the flap travel can be set on the ground to work be- 
tween any desired limits, or can be locked in any required posi- 
tion* This makes for safety when the airplane is undergoing its 
first trials, and is flovm lightly loaded with, the flaps locked 
in the neutral position. The aileron control is, of course, not 
affected by this, except that it is not so effective at low 
speeds. 

The four units complete weigh 44 lb. It has been estimated 
that the total additional weight incurred by the installation 
of variable flaps, is of the order of 200 lb. Most of this 
weight is accounted for by the flap spars which would, of course, 
be characteristic of any type of flap gear, and it is doubtful 
whether the figure of 44 lb. is greater than that represented 
by a hand-controlled gear on an airplane of the same size. 

Construction of Units 

Most of the levers in the D**« 54 were built up of 3-14 
gauge mild steel plates, having 5/l6 inch thick aluminum riveted 
between, tapering towards the tip, the aluminum be in- replaced 
at the ends by mild steel packing pieces soldered in position. 
Also on this airplane mild steel was used for all ball-race 
housings, etc. Cn the "Bristol Fighter/ however, the lexers 
were solid 4 gauge duralumin with ball- race housings machined 
from duralumin bar. 



N.A.C.A. Technical Memorandum Ho- 406 14 

Change of Tfiia of Airplane 

From wind-tv. nnel curves snowing variation of center of 
pressure with change in flcp angle it had been anticipated that 
one would have to he prepared for considerable variation in 
the trim of the airplane with change of sr>eed, and rather more 
than is encountered on standard types. Fortunately, this has 
not been found to be the case, and it is oossible to fly the 
D.H. 54 at all sneeds with very little adjustment to the tail 
trim wheel, 

Rel lability 

The oossibility of breaking or stretching the springs has 
been put forward as an argoment ? gainst the reliability of the 
system. Absolutely no trouble has been experienced from this 
cause during a very extensive series of trials, and it should b 
po inted out that in the case of the "Bristol Fighter" design 
the springs are virtually duplicated and of the D. H. 54 quad- 
ruplicated, as they are interconnected by the balance cables. 
In the event of trouble from this cause, the flaps would simply 
travel upwards until they attained couil ibrium , their range of 
flap positions merely operating at lower speeds. 

Wherever it has been considered expedient to duplicate ca- 
bles, shackles, and pins, levers have been made particularly 
robust to guard against fracture. 
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Production and Maintenance Costs 

Up to the present tine no airplanes having this type of 
gear installed have rone into Production, as all the air~olanes 
so eauio-oed have been considered experimental. In consequence, 
wherever possible, adjustments have been provided so that the 
best results could be obtained basec on full-scale trials. 
There should be no difficulty, however, in designing: an airplane 
having all its leverages and travels fixed. This should con- 
siderably reduce the cost of manufacture, while the question of 
rigging should present no more difficulty than an airplane fit- 
ted with the standa.rd type of controls. 

General Conclusions 

The ™-riter has been so closely associated with the design 
and testing of the prear described in this report, that it may 
be difficult for him to form an unbiased opinion on its prac- 
tical utility. The following analysis, however, is a genuine 
attempt to consider its various features from the point of 
view, for example, of the chief engineer of an air line, who 
would be responsible for its maintenance and who would be spe- 
cially concerned Wkth such fundamentals as initial and mainte- 
nance costs, balanced against imorovemont in speed range, lower 
gasoline consumption, or greater load-cs rrying capacity as the 
case may be. 
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(a) The extra initial cost of the -ear has, of course, 
been somewhat high in Its experimental stapes. This was inev- 
itable, and is generally associated with any departure from 
standard practice. However, those responsible for the origina- 
tion of the idea, consider that on even a semi-production basis, 
the extra cost of merufacture cculd be reduced to a ooint where 
it was definitely ^oith --h.il e. 

(b) Maintenance could douhtlecs be reduced by simplifica- 
tion in design to little more than the care required on air- 
planes fitted with standard controls. Pulleys have been elimi- 
nated where possible, and extra stout cables have been employed, 
otherwise the cables do not touch any portion of the airplane 
end should, therefore, last indefinitely. Since all ball- races 
are creased before assembly, and are fitted with dust caps $ 
lubrication should only be necessary at long intervals. If con- 
sidered desirable, any of the ^-ell-known greasers could easily 
be fitted, and the rear be charred with the grease-run. 

(c) The following are various points of interest affecting 
the performance of airplanes fitted with this system: 

!• Un stick .- One cannot do better than quote the opinion 
of the technical staff of the !:artleshan Heath Experimental 
Station, where an extensive series of trials was carried out 
on the D-H* 54. This airplane '"as tested over the screen fully 
loaded, both with flaps operating and with flaps locked in the 
up position. In their opinion the flap gear justified its ex- 
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istcncc in this rcsoect, wliicll is the one in which there might 
be some doubt because, although the rate of climb was not ap- 
preciably increased by the use of flar>s, the climbing Speed was 
reduced by about 5 1*1. P. K. 9 and on an average day with a wind of 
say, 8 M-P-H. , this would increp.se the angle of climb from about 
1 in 10 to 1 in 9. 

2. Hate of Climb .- Some .small increase in favor of using 
the flap©* 

?. Cruising and Full Spe eds . - In both these cases, the 
flaps being in the up. position, the speeds are, of course, nor- 
mal. However, if the <?ear fee adjusted to rive the flaps an up- 
ward trail of say, 3 to 3 decrees, these speeds should be im- 
proved by about 2 ff »P*H. 

4. Stalling Sp eed.- Reduced by 7 to 8 M-P.H. This figure 
represents an average taken from a large number of observations 
during full-scale trials carried out on the various airplanes 
fitted with the gear. 

5. Speed Approaching A irport .- This is reduced by about 
5 -v'l.P.H., also the airplane takes up an attitude with its nose 
^ r ell down, and the view forward is correspondingly improved. 

6. Pull up on Ground .- In the opinion of several well- 
known oilots wfoo have flown the D.H. 54 durin-: its trials, 
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this airolane should be particularly easy to handle in a. 
forced landing. Any improver/lent in this characteristic is 
most important, end is certainly a step in the right direction. 
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Fig.l Curves shoeing effect of flap angle on 
L/D plotted against . ring section 
R . A . F . 9 . 
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Figs. 4 &. 5 



Load = 200 lb. 




or que on spindl3=200x5=1000 To. -in. 

Load » 300 lb. 
VWv\/v\aa/v^ 




Torque on spindle=300x2=600 lb. -in, 



Fig. 4 Diagram showing reduction of torque on spindle with 
increase of load in spring. 
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Fig, 5 Relationship between flap angle and speed for D.H.54 
fully loaded. 
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Fig. 11. 

Arrangement of Inner flap operating mechanism on D.H.54. 

Main bracket. D Lever connected to lever 

Lever connected to spring control. necting rod. 

Lever connected to flap balance E Lower surface of plane, 

rabies. 




Flap operating gear. 
Aileron operating gear. 
Flap operating gear. 
Joy stick. 

Aileron balance cable. 



Fig 2. 

Flaps in up position, and ailerons up and down. 



F Flap balance cable. 

G Aileron control cable. 

H Flap travel. 

1 Inner flap. 

K Spring tension adjustment spindle. 



L Spring. 

M Flap travel stop. 

N Aileron travel up. 

P Aileron travel down. 

Q Outer combined flap and aileron. 
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